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Occupational Psychology faces challenges concerning the promotion of em-
ployees’ well-being and health. The use of emergent technologies (e.g. smart-
phone) has revealed new opportunities to deliver effective, cheap and early
interventions. By following the international PRISMA statement guidelines,
this systematic review aims to bring together workplace smartphone-based
interventions, targeting employees’ well-being and psycho-physical health,
to address the lack of studies focused on workplace settings. Results were
drawn from 31 quantitative and qualitative studies, testing smartphone appli-
cations. The authors extracted multiple information for each article: focus,
target, theoretical background, users’ engagement and study design. Find-
ings show the lack of theoretical background, reliable study design and the
prevalence of physical health interventions. Moreover, our review identifies
the importance of users’ engagement for an intervention’s effectiveness. It is
relevant to design specific mHealth interventions, to provide employees with
the skills to cope with and manage work-stress and enhance their general
health and well-being.






Electronic Journal of Applied Statistical Analysis 683
1 Introduction
The occupational structure of the labour market has changed in the last few decades,
especially in developed countries (Cortes and Salvatori, 2019; Signore et al., 2019).
The introduction of emerging technology in the workplace has led to several positive
elements, such as the reduction in work and production costs (Skoumpopoulou et al.,
2018), the facilitating of communication and collaboration among colleagues and knowl-
edge sharing across geographically dispersed offices (Colbert et al., 2016).
On the other hand, the growing use of technology has also given rise to several negative
aspects, such as the removal of the boundary between work and non-work domains (Reyt
and Wiesenfeld, 2015), and job polarisation between better-paid work, requiring higher
skills and a greater educational attainment, and lower-paid work, requiring a lower ed-
ucational attainment (Acemoglu and Autor, 2011). It is well known that these aspects
may increase the risk of developing physical and mental health conditions among em-
ployees, due to the exposure to psychosocial risks (van den Heuvel et al., 2018). From a
different perspective, the emergent technologies (e.g. smartphone) could help researchers
to gain precise and objective data on users’ behaviour in a non-intrusive and ecologi-
cally valid way (Miller, 2012), as well as help in the treatment of several physical and
mental conditions, such as depression, stress, anxiety and weight management, also in
the workplace context (De Korte et al., 2018).
For example, several preventive initiatives for implementing lifestyle change and improv-
ing mental health and well-being that use new technologies have been proposed; such
interventions range from recovery support to the development of positive habits that aim
to improve psychological health (Bakker et al., 2016; Balk-Møller et al., 2017a; Bonn
et al., 2019; Bostock et al., 2019; Deady et al., 2018; Weisel et al., 2018). However, while
there are several studies about internet-based intervention targeting clinical populations
(Hedman et al., 2011; Riper et al., 2014), studies on the organisational-related context
are still few (de Korte et al., 2018; Ebert et al., 2018; Free et al., 2013). To the best of our
knowledge, to date, an overview of smartphone-based intervention in the workplace, as
an innovative tool beyond traditional intervention, is still lacking. Therefore, the main
aim of this paper is to report a systematic review of qualitative and quantitative studies
that have implemented a smartphone-based intervention in the workplace, targeting the
employees’ physical and mental health, well-being and stress management skills. Ad-
ditionally, we aim to examine the use of an evidence-based theoretical background for
the intervention design and development, as well as presence of an evaluation efficacy
process and/or follow-up.
2 Background:Work-Related Stress
Modern working life in Western countries has become more mentally demanding and
less physical in nature. New developments in work and changing workloads have led
to a rapid increase in the number of employees experiencing health problems related to
occupational stress (Sauter et al., 2002).
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Indeed, work-related stress has become a major occupational risk factor in all industri-
alized countries (Hassard et al., 2018). One of the most common job stress definitions
(Sauter et al., 1999), described it as detrimental physical and emotional responses which
occur when the demands of a job do not coincide with the abilities, needs and resources
of the employees. This conception addresses an internal state involving the physical
and psychological realm. However, this internal state (the psycho-physical response) is
part of a broader interaction between job domain and personal characteristics (e.g., re-
sources, capabilities, needs). All these elements characterise the stress process, triggered
by certain workplace factors perceived by the workers as stressful. The psycho-physical
response (e.g. negative affective states), that constitutes a short-term reaction, occurs
in the case of an overly high request that exceeds the personal resources or capability, or
when the work demands conflict with the worker’s own needs. When this reaction is too
intense or chronic, it can lead to work-related disease (e.g. depression, cardiovascular
disease). Moreover, individual characteristics can intervene to strengthen or weaken the
relationship between job stressors and strain and consequently have an influence both on
stress reactivity and on the likelihood to develop chronic stress-related conditions (Herr
et al., 2018).
According to the National Institute for Occupational Safety and Health (NIOSH), ex-
posure to stressful working conditions (job stressors) can have a direct influence on
employees’ safety and health (see also Sauter et al. 1999). In addition to ‘traditional
risks’, (e.g. physical, biological and chemical risks), which have a direct effect on the
health condition of employees, there are ‘new risks’, also called ‘psychosocial risks’. Psy-
chosocial risks have been defined by the World Health Organization as the relationship
among work context, work substance and organisational arrangement, and employees’
needs, culture, abilities and extra-job attitudes that could influence health, performance
and work satisfaction through their experiences and senses (Leka et al., 2010). Such a
definition underlines the interaction between the work environment and human factors
(International Labour Organizazion; ILO 2016). Work demands, perceived support and
control, interpersonal relationship quality, uncertainty of work role, unexpected change
or dangerous working conditions, work design, management style and perceived support
of superiors, quality of the relationship with co-workers, and concerns about personal
and career growth are some of the stressful job factors that may have physiological, phys-
ical, behavioural and mental consequences (e.g. high blood pressure, obesity, smoking,
poor eating habits, addictions, sedentary habits, burnout, depression), which in turn
could results in workers’ physical and mental health diseases. Moreover, all these factors
and situations could negatively influence the workplace climate, resulting in problem
behaviours, such as bullying and mobbing (Cooper and Quick, 2017).
At the organisational level, there are considerable costs related to work stress in terms of
economic and productivity loss, absenteeism and high turnover, healthcare consumption
and lower job satisfaction (Ebert et al., 2016a; Guarnaccia et al., 2018; Ingusci et al.,
2016; Sauter et al., 2002; van Berkel et al., 2013).
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3 Work Stress Effects
Several theories, supported by substantial research, highlight that work stress has the
added impact of increasing vulnerability to physical and mental health problems, many
of which take a further toll on quality of life. Indeed, chronic stress, which is a prevalent
phenomenon in Western societies, is linked with several illnesses, such as depression,
anxiety, metabolic, cardiovascular, autoimmune and gastrointestinal disease (Chrousos,
2009).
The principal end-effectors of the stress response are cortisol released by the hypothalamic-
pituitary-adrenal (HPA) axis and the catecholamine, norepinephrine and epinephrine re-
leased by the peripheral sympathetic-adrenomedullary (SAM) system. While the acute
stress response provides the organism with the motivation and energy needed to ‘fight
or flight’ in the face of adversity via a highly adaptive cascade of physiological responses
(Cannon, 1915), chronic stress may foster the development of pathophysiological changes
(e.g. cardiovascular problems), through long-term activation of the same mechanism nec-
essary for immediate survival (Engert et al., 2018). The major change to mental work
from physical work (e.g. essential changes in technology and in work organisation) re-
duces caloric expenditure and may play a role in the development of obesity and several
health risks, such as cardiovascular disease (Choi et al., 2010; Solovieva et al., 2013).
Work stress may impact weight gain through behaviours such as stress-induced eat-
ing and less leisure-time physical activity (Cooper and Quick, 2017), through circadian
rhythm disturbance (e.g., sleep disturbances due to shift work), and metabolic changes
(Choi et al., 2010; Solovieva et al., 2013).
The concept of mental health (MH) embraces subjective well-being, self-efficacy, au-
tonomy, personal resources and recognition of expertise (Bhardwaj et al., 2008). MH
problems are very common among employees and negatively influence employees’ well-
being and productivity, increasing absenteeism and healthcare costs (Stratton et al.,
2017). Workplace-related mental health issues are a source of a wide range of problems:
employees report headache and migraine (Cocker et al., 2013; Martin, 2016) , as well as
psychological problems contributing to chronic stress, anxiety (Largo-Wight et al., 2011;
Rajgopal, 2010), and depression (Stratton et al., 2017), in addition to the physical issues
mentioned above.
Broad evidence indicates chronic stress as a risk factor for MH (Herr et al., 2018). MH
conditions are one of the principal causes of long-term disability in middle-income and
high-income countries. This is mainly caused by the impact of anxiety and mood disor-
ders in individuals of working age. For example, people with severe depressive symptoms
report serious difficulties in all domains of their life, including work, home, relationships
and social activities (Deady et al., 2018). Finally, a long exposure to stressors at work
can lead to burnout which is a strong predictor of several health-related issues (Maslach,
2003; Maslach et al., 2001; Portoghese et al., 2014).
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4 Stress Management Interventions in the workplace
The prevention of the negative effects of psychosocial risks (or stress prevention), de-
rived from the medical concept of prevention, namely all the activities planned to reduce
the consequences of disease. Workplace stress management interventions refer to several
activities aimed to enhance employees’ well-being and decrease stress levels, mainly by
either addressing the causes of stress (stressors), or by mitigating the impact of stress
(Holman et al., 2018). Such interventions can have several benefits both for employers
and employees, for example, increased performance, improved relationship quality and
reduced sickness and absenteeism rate (De Neve et al., 2013; Holman et al., 2018). Stress
management interventions can be classified according to the focus or the level at which
they are implemented (Holman et al., 2018). Regarding the focus of stress management,
interventions are categorised as primary, secondary or tertiary (Schaufeli and Enzmann,
1998).
The purpose of primary interventions is to remove the potential sources of stress and im-
prove the causes of well-being: indeed, primary interventions are proactive (Tetrick and
Winslow, 2015). This intervention concerns the so-called content-factors and context-
factors. For example, job redesign, career development, work schedule flexibilisation,
goal setting, team building and diversity management (Cooper and Cartwright, 1997).
The role of secondary prevention is essentially ‘damage limitation’; for this reason, it
often addresses the consequences rather than the sources of stress which may be rooted
in the organisational structure or culture. Indeed, secondary interventions aim to mod-
ify how individuals react to stressful work situations to mitigate the stress response,
decrease the severity or duration of stress once it has occurred and prevent the level of
stress from becoming troubling. These interventions are focused on the recognition and
management of stressors, increasing awareness and improving the stress management
skills of the individual through, for example, training and educational activities. Indeed,
individual factors can also alter or modify how employees perceive and react to stressful
situations. This stress threshold will change among people and depend on the situation
affecting the individual (Cooper and Cartwright, 1997).
There are many types of secondary intervention: workers may be trained in the recog-
nition and evaluation of their symptoms, in strategies focused on the emotional sphere
(e.g. externalisation of one’s own negative emotional states, for tension release and to
give a sense of proportion to a situation), strategies focused on the physical sphere (e.g.
physical exercises in and out of the workplace, meditation and relaxation techniques),
and strategies focused on the cognitive sphere (e.g. cognitive-behavioural techniques).
Finally, tertiary interventions involve treatment, rehabilitation and the recovery process
of individuals who have developed serious conditions as a response to exposure to stress-
ful situations, besides enhancing the probability of their return-to-work (Cooper and
Cartwright, 1997; Holman et al., 2018). Interventions at this level typically involve the
provision of counselling services for employee problems in the work or personal domains
or medical intervention, in the case of work-related physical or physiological disease
(Holman et al., 2018).
With a specific focus on the level of an intervention, a common and simple distinction
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is made between the level of the individual and organisation. Individual-level inter-
ventions focus on helping employees to build skills to manage, cope with and reduce
stress, whereas organisational-level interventions make more consistent changes to or-
ganisational practices that either target all workers or a specific group of employees. We
can define organisational-level intervention as evidence-based action, intended to remove
or change the sources of work stress (Nielsen and Randall, 2013). In the past decades,
European legislation has underlined the importance of promoting workers’ health, in-
cluding mental health: for example, in the Italian Decree No. 81/2008 ‘Testo Unico sulla
Salute e Sicurezza sul Lavoro’, work-stress is a factor to be considered in risk assessment.
Although the importance of workers’ health has been recognised, research shows that
some studies present inconsistencies in the results, since the effect of interventions are
often small or not significant (de Korte et al., 2018). To be specific, most studies fo-
cused mainly on the effects of the interventions, neglecting the process evaluation about
how interventions were planned and implemented (LaMontagne et al., 2007). For this
reason, it is fundamental to focus also on the intervention processes, to provide feedback
for enhancing interventions’ outcomes, to allow their replication in different context,
to reduce any obstacles and to explain the results of the intervention (Goldenhar et al.,
2001; Nielsen and Randall, 2013). Moreover, the emphasis on process enables researchers
to generalise the results and to implement the intervention successfully in other work
settings (Armstrong et al., 2008; Dewe et al., 2010; Nielsen and Randall, 2013).
5 Stress and technology
The growth of digital technology over the last 20 years has touched upon every aspect of
modern life, including the workplace (Howarth et al., 2018). Indeed, the development of
new technologies has influenced how people work; there also has been a transformation
from occupations that requiring moderate-intensity physical activity to those that are
sedentary. Several studies (e.g. Ebert et al. 2014) have shown that less physical activ-
ity, sedentary behaviour, static postures, and repetitive movements are linked to lower
productivity at work, decreased work-ability, increased possibility of musculoskeletal
damage, absenteeism and presenteeism. Digital tools give employees some advantages
(e.g. increasing perceived autonomy, the shift to remote working, and advanced commu-
nication and information sharing). At the same time, however, technology contributes
to difficulties in managing the inflow of information, interruptions and task switching,
perceived pressure to respond quickly, reduced perceived social support and disruption
to the work-life balance (Day et al., 2012). As a result, Occupational Psychology is facing
challenges related to the promotion of mental health (thereby reducing the influence of
these adverse psychological work conditions, in short, work-related stress). Specifically,
there is an interest in providing rapid and adequate health services to those employ-
ees who develop mental health problems and to facilitate their return-to-work after a
prolonged absence (Lehr et al., 2016). The central tools to prevent mental health risks
are early assessment and subsequent appropriate interventions such as job redesign or
stress-management training. Nevertheless, achieving these goals is often quite difficult.
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For these reasons, much effort has been put into the development and evaluation of
interventions in the workplace setting. This includes selective activities to change the
individuals’ risks, attitudes, behaviour and awareness as well as comprehensive interven-
tions such as workplace health promotion programmes (de Korte et al., 2018). Using
technology-assisted programs during the prevention phase allows flexible, cheap, easy,
and early access to care: moreover, many of these programs have shown efficacy that
is equivalent to that achieved by face-to-face therapies in addressing various problems
(Howarth et al., 2018).
5.1 e-Health
The term eHealth is used to indicate the employ of rising information and commu-
nications technology (ICT), particularly the internet, to increase or allow health and
healthcare (Eng, 2001). Moreover, mental eHealth is defined as a ‘form of e-health
which deals with mental health and mental health disorders’ (Christensen et al. 2002,
p. 17). The application of this concept in the organisational environment has led to
the term ‘occupational e-mental health’, which refers the application of e-mental health
in the specific life domain of work, to improve the quality of working life, to protect
and promote the safety, health and well-being of employees. Another definition includes
occupational e-mental health like the use of ICT to deliver psycho-education, health risk
assessment, workplace health promotion, preventive interventions, treatments, relapse
prevention and return-to-work assistance for the mental health of workers as well as to
improve occupational healthcare delivery, professional education (e-learning), and online
research in the field of occupational mental health (Lehr et al., 2016). In particular, ICT
refers to any electronic device or technology that can gather, store or send information
(Steinmueller et al., 2000). Internet interventions are described as treatments based on
cognitive and behavioural elements that are operationalised and transformed so that
they can be delivered via the internet. Generally, these interventions are highly struc-
tured, self- or semi-self-guided, based on effective face-to-face interventions, tailored to
the user, interactive, enriched by several multimedia elements and customised to provide
follow-up and feedback (Ritterband and Thorndike, 2006). Guidance is usually provided
by a healthcare professional. Most Internet interventions are designed for desktop com-
puters (Lehr et al., 2016). Using the Internet to provide self-help interventions could
assist in overcoming some of the limitations associated with the common Stress Man-
agement Interventions (SMIs), such as limited availability and high cost. The literature
underscores some of the advantages of Internet-based interventions: they are more ac-
cessible, can guarantee workers’ anonymity and allow employees to review the materials
used during the sessions; moreover, this kind of procedure could help prevent the onset
of severe health problems and may reach a larger population with the expenditure of
lowest effort (Ebert et al., 2014). However, only a few interventions have been designed
for and assessed with the respect to the working population (Carolan and de Visser,
2018).
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5.2 m-Health
During the last years, thanks to the wide availability of smartphones and mobile apps, the
distribution of interventions using mobile devices has become possible. Mobile phones
enable interventions to be integrated into the daily lives of individuals, making it pos-
sible to unobtrusively monitor their activities and environments and, further, enabling
interventions to take place at optimal time(s) during the day (Ahtinen et al., 2013).
Mobile Health (mHealth) can thus be regarded as a well-defined part of eHealth (Jimenez
and Bregenzer, 2018). The World Health Organization (WHO) has defined mHealth as
all the medical and public practices supported by mobile devices such mobile phones, pa-
tient monitoring devices, personal digital assistants and any other wireless devices (Bonn
et al., 2019; De Korte et al., 2018). Various features make mHealth a good candidate for
workplace interventions (de Korte et al., 2018). For example, mobile technology offers
the ability to continuously and unobtrusively monitor a user’s behaviour (Miller, 2012).
These technologies are more effective at evaluating users’ needs than other modalities.
They also can be calibrated to deliver context-aware, tailored, adaptive, and timely inter-
ventions. In addition, they offer the opportunity to deliver interventions in the context
where individuals make decisions about their health and encounter obstacles to behaviour
change. They might also offer more affordable and convenient interventions, with a high
penetration and a broad reach. Finally, they can support an active role on the part
of users while, at the same time, reinforcing their responsibility over their own health
status (Wang et al., 2016). At the same time, problems with such technologies have
been reported. These include engagement quickly declining after initial use of mHealth
apps (Imamura et al., 2019; Zarski et al., 2016). However, scientific evidence of mobile
apps (mHealth) is still limited (Mistretta et al., 2018). mHealth apps are being devel-
oped and evaluated in a variety of domains such as physical activity (PA), obesity and
stress management (de Korte et al., 2018). Mobile apps for the monitoring of mental
health have been designed and have displayed potential for burnout and stress, anxi-
ety management and workers’ education (Bregenzer et al., 2019; Carissoli et al., 2015;
Motamed-Jahromi et al., 2017). The most common approaches used in self-help mobile
interventions are relaxation training, music and cyber-interventions based on Stress In-
oculation Training methodology. These tipically use specific technology to simulate real
settings that instruct people on how to cope with psychological stress (Carissoli et al.,
2015; Mistretta et al., 2018). However, many of such apps have a limited empirical basis
or have been evaluated without adequate scientific methods (De Korte et al., 2018). In
recent years, mHealth apps are being developed specifically aimed at risk prevention and
healthy behaviours in the work setting. Despite their potential, almost no research has
been published on the content used or theoretical bases for same. There is also limited
evidence on their efficacy in the workplace (Balk-Møller et al., 2017b; de Korte et al.,
2018; Ebert et al., 2016b).
Nonetheless, smartphones offer great potential to collect ecologically valid data on real
behaviours in a precise and objective way without requiring individuals to come into
labs (Kwok, 2009; Raento et al., 2009). Indeed, one of the methods that can be used
to enhance health self-management is Ecological Momentary Interventions (EMIs). The
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strength of these interventions is that they can be personalised to the individual and be
implemented in real-time. In an important scientific paper, entitled ‘Smartphone Psy-
chology Manifesto’, the author states that the so-called ‘psych-apps’, which can be used
in any behavioural science, could become one of the main ways to recruit, obtain con-
sensus from, observe, conduct experiments with and debrief any participants, and can
be used at any time and place as needed (Miller, 2012). Moreover, the usage of wear-
able technology may be quite effective in the workplace to monitor psychological and
physiological risk factors of employees, enhancing productivity, allowing collaboration
between workers in different locations and promoting safety and well-being (Khakurel
et al., 2018). Another important issue to take into account when studying workplace
smartphone-based interventions is the concept of users’ engagement, a precondition for
effectiveness (Yardley et al., 2016).
6 Users’ Engagement
Researchers have pointed out multiple advantages of digital health interventions, such
as anonymity and accessibility, allowing individuals to access the intervention at the
most appropriate moment (Carolan and de Visser, 2018). For these reasons, digital
health interventions are well-suited for the workplace. Several studies have demonstrated
that health improvement is greater when individuals are engaged in these interventions
(Bidargaddi et al., 2018). During the last years, smartphone apps have emerged as an
effective channel for health and stress management interventions (Coulon et al., 2016):
specifically, smartphones are useful for detecting users’ everyday context and discovering
the most suitable moments to deliver the intervention. Engagement could be described
and studied in terms of interventions’ usability and utilisation and the factors that in-
fluence them. It could be defined as the ‘quality of users’ experiences with technology’
(O’Brien and Toms, 2008) and detailed in several dimensions, such challenges, aesthetics,
feedback, interactivity and perceived control (Yardley et al., 2016), or as the subjective
quality of user experiences with the app, which can be influenced by design elements
(Kelders et al., 2012). A pressing concern for mHealth is the high level of disengage-
ment among people who opt to install an app. After doing so, over 80% of users use it;
only one time and sooner or later delete it, and only a small percentage of users remain
involved beyond a month. However, even among those who use the apps, the amount
of use depends on an individual’s health and behavioural characteristics. This behavior
is underpinned, undermined and shaped by context and social influences, in addition
to individual characteristics (e.g. age, gender, education levels, state of health). It is
common knowledge that these factors influence the adoption of the mHealth app (Bidar-
gaddi et al., 2018; Yardley et al., 2016). There are many engagement models, but they
are still untested (Yardley et al., 2016). Nevertheless, it is possible to identify the key
elements to promote user engagement in smartphone-based interventions. For instance,
in recent studies (e.g. Kraaij et al., 2019; Bidargaddi et al., 2018), among the various
elements, the importance of self-monitoring, that is, the action by users of documenting
activities and mental/physical conditions over a long period of time, has been shown
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to positively influence well-being and health user’s behaviour. Prompts such as push
notifications or messages have proved to be promising in promoting initial engagement
with health behaviour-change interventions and their sustained use – especially when
the prompts include feedback or informational content (Morrison et al., 2017) and/or
when they include messages or notifications related to the user’s goals and achievements.
Indeed, self-monitoring and goal-setting, feedback on results and behaviour are the most
often-reported techniques in effective behavioural change interventions (Bardus et al.,
2018). Moreover, the timing of interventions could also affect the dropout rate: if users
perceive that the intervention does not meet their own expectations and needs at the
right time, they could quit using the app (Zhang and Elhadad, 2016). As reported at
the beginning of this section, smartphone-based interventions allow the continuous mon-
itoring of user behaviour and the context around them. In the field of health behaviour
change promotion, the Just-In-Time Adaptation Intervention (JITAI) showed great po-
tential. The JITAI is an intervention design characterised by adapting the provision of
support (e.g. the type, timing, intensity) based on ‘[the] individual’s changing status
and contexts’ to deliver support ‘at the moment and in the context that the person
needs it most and is most likely to be responsive’ (Nahum-Shani et al. 2018, p. 1). The
‘context aware approach’, namely, the detection of the users’ behaviours and context
by smartphone sensors (e.g. GPS, heartbeat detector, etc.), enables an increase in the
usability and effectiveness of the intervention and also enabling its personalisation. The
tailoring of the intervention (e.g. both content and feedback; Fuller-Tyszkiewicz et al.
2018), is crucial, given the number of individual differences that occur in fostering or
limiting engagement with it and consequently its impact (Kraaij et al., 2019). Another
measurement method for collect valid contextual health data is ecological momentary
assessment (EMA). Using EMA, researchers are able to collect repeated random data on
users’ behaviour and experiences in a real-time ecological setting. The main feature of
EMA is the possibility of tracking, several times during the day, data on users’ activities,
feelings, thoughts, and environmental surroundings. Subsequently, these data could al-
low researchers to recognise correlations among environment, mood, activities, and other
users and their context characteristics (Engelen et al., 2017). An additional strategy to
promote users’ motivation and engagement consists of incorporating elements such as
the ‘daily challenge’: every time the users complete this challenge, they earn a ‘reward’
(Deady et al., 2018). Indeed, a framework of challenges has been shown to improve the
general attractiveness of an app (Bakker et al., 2016). Also, the literature on gamifi-
cation, namely the use of the gamification mechanism in non-game contexts with the
aim of influencing user behaviour and emotions (e.g. Hammedi et al. 2017) shows some
positive effects on user engagement level. Some research suggests that Human-Centred
Design (also referred to as ‘User-Centred Design’) are the best approaches to design
and implement interventions. The main feature of these approaches are iterative design
processes, where users are involved at every stage of interventions, from the first draft
of the project to the prototyping of the intervention to the final testing phase. These
approaches take into account user’s behaviour and their context; as well, they set clear
usability and user-experience goals, which can be measured empirically (Kraaij et al.,
2019; Narváez et al., 2016).
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7 Objective
As far as we know, there is no review specifically focused on workplace interventions
using smartphone-based apps targeting work-stress management interventions and men-
tal health. This systematic review aims to identify workplace interventions, targeting
employees’ work-related stress, well-being, and psycho-physical health, as delivered by
smartphone application, to compensate for the lack of similar studies focused on work-
place settings. To achieve this, qualitative and quantitative studies on smartphone-based
interventions, as utilised in workplace settings, were systematically reviewed and syn-
thesised. The following research questions were formulated:
1. What does the smartphone-based intervention address? 2. What is the smartphone-
based theoretical background (if present)? 3. What is the smartphone-based intervention
efficacy and, if applicable, how is it evaluated?
8 Method
A systematic review of the literature related to smartphone-based apps targeting work-
stress management interventions and mental health was conducted. Before starting,
registered and/or work in progress studies on this topic were searched for in the In-
ternational Prospective Register of Systematic Reviews (PROSPERO). Since no recent
comparable research was found, the systematic review protocol was recorded in this
register (ID= CRD42020153817). The checklist of Preferred Items for Systematic Re-
views (PRISMA Statement) was used to structure this examination, i.e. to identify
smartphone-based apps targeting the workplace and employees’ health and well-being
(Moher et al., 2010).
8.1 Search Strategy
We focused our research on the academic databases, Scopus and PsycInfo, using key
words relating to the workplace, digital tools, and well-being (‘Mental Health Interven-
tion’; ‘Digital Health Intervention’; ‘Occupational Health’; ‘Mobile Intervention’; ‘Stress
Management’; ‘Internet-Based’; ‘Mobile Device’; ‘Mobile Phone’; ‘Intervention’; ‘Work
Stress’; ‘Employees’; ‘Prevention’; ‘Workplace’; ‘Internet’; ‘Mobile’; ‘Digital’; ‘iSmi’), in
articles published from 2009 to 2019. Article selection was performed in two rounds.
Firstly, title and abstract screening were performed. Secondly, full texts were indepen-
dently read by both authors to select the final studies included in the review. Finally,
the authors came to an agreement on the main results to report.
8.2 Article Selection
The inclusion criteria were: (1) smartphone-based intervention, (2) availability of smart-
phone-based description, (3) publication in a peer-reviewed journal, (4) both quantitative
or qualitative research design, (5) the article was clearly addressed to workers and (6)
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physical/mental health and/or well-being and/or job-related measure and outcome. We
also included the registered research protocols and proceedings to be informed of the
smartphone-based interventions in progress. We removed dissertations and books to
limit the number of results. We excluded virtual/augmented reality-based interventions
to restrict the research field. Finally, we did not take into account interventions that
used tablets, because this is not a device that individuals normally carry with them
throughout the day (Danaher et al., 2015).
9 Results
Studies Included
A total of 1,264 quantitative and qualitative studies targeting smartphone-based inter-
ventions focused on employees’ health and well-being, were identified (Figure 1). After
removing duplicates, 1,126 were screened for title and abstract; of these, 961 were ex-
cluded. The reasons for the papers’ exclusion, during this first screening phase, were
numerous. In order of frequency, the reasons were: (1) the outcomes’ focus, related
for example to human resources management (e.g. recruiting or in-company training) or
clinical symptoms management (e.g. personality disorders); (2) the sample composed by
non-workers (students, military, clinical patients); (3) the interventions’ delivery modal-
ities (PC or tablet). The remaining 165 studies were full-text screened; ultimately, 31
studies met all inclusion criteria. During the second screening phase, we realised that
some of the selected papers in the first phase actually did not meet all the inclusion
criteria. After a full-text reading we were able to eliminate those articles that took into
consideration samples of non-workers; strategies and outcomes related to in-company
training or human resources management; articles that focused on techno-stress or ac-
ceptance of m-health interventions; and interventions not provided via smartphone. As
a synthesis, the authors extracted different kinds of information for each article: the
interventions’ focus, the interventions’ target and presence of a control group (see Table
1). Moreover, the authors checked for the interventions’ theoretical background, and
users’ engagement features (see Table 2). In particular, 15 studies have a more spe-
cific focus on physical health and healthy lifestyle promotion; 8 studies have a focus
on well-being promotion and stress management; the last 8 have a focus on symptoms
treatment and management. However, it should be stressed that some interventions have
a focus on several dimensions at the same time. Regarding the intervention’s target, 11
studies considered general workers, 8 studies involved social and healthcare workers, 5
had office-based workers as participants, 2 involved high tech company workers, and the
remaining studies considered middle managers (1), construction workers (1), airplane
pilots (1), faculty members (1) and generic workers with serious mental illness (1).
The theories used as theoretical background were numerous: Behavioural Change Tech-
niques (5), Lazarus and Folkman’s Transactional Model of Stress (3), Mindfulness (3),
Cognitive Behavioural Therapy (2), Effort-Reward Imbalance Model (1), Acceptance
and Commitment Therapy (1), Cognitive Evaluation Theory (1), General Awareness
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Training (1), Stress Inoculation Training (1), Stress Management and Resilience Train-
ing/Relaxation Response Resilience Programme/Positive Psychology elements (1); the
remaining studies (12) did not report specific theories beyond the smartphone-based
interventions. Concerning the smartphone-based interventions’ efficacy, we take into ac-
count the control group presence: 15 out of 25 studies had foreseen the control group pres-
ence. Among them, 10 studies were designed as Randomized Controlled Trial. Among
the 6 Research Protocol (RP) studies considered in the review, 5 included Randomized
Controlled Trial (see Table 1). Regarding the users’ engagement elements or strategies,
the majority of the interventions used a combination of them: for example, researchers
reported self-monitoring, the presence of feedback and reminders, the users’ ability to
tailor the intervention, the presence of social features and challenges, the presence of
an e-coach or a virtual support network, synchronisation between different devices, Hu-
man Centered-Design Approach, Just in Time Adaptive Intervention’s Model, Ecological
Momentary Assessment’s Model and gamification.
10 Discussion
The spread of new technologies in the workplace has led to several benefits, such as
communication facilitation and knowledge sharing, as well as job polarisation, removal
of the boundary between the work and non-work domain. All of these factors result
in an increase of work-related physical and mental health conditions, experienced by
workers.However, emerging technologies such as smartphone applications could change
how researchers study users’ behaviours, help mitigate against employees’ adverse health
conditions and, as well, foster their well-being. Only recently, researchers have begun
to direct their interest towards organisational smartphone-based interventions that are
cheaper and easier to develop than traditional interventions, and to consider not only
the intervention efficacy but also several features involved in users’ adherence and en-
gagement level with the app, preconditions for its effectiveness. However, many of the
studies published do not provide an evidence-based theoretical background and a reli-
able evaluation process. To our knowledge, to date, there is no systematic review of a
smartphone-based intervention targeting work-related stress and/or physical and men-
tal health promotion in the workplace. Overall, our systematic review confirms that
smartphone-based interventions are not so common: starting from 1,264 results, only 31
were possible to include in our work. Our research questions were addressed to (1) cate-
gorise the results based on the focus of the smartphone-based interventions, (2) identify
the theoretical background behind the intervention design, and (3) give an overview of
the effectiveness of the reviewed app-based interventions.
10.1 Smartphone-based interventions’ focus
As far as the first research question is concerned, most smartphone-based interventions
reviewed here have a physical health focus, followed by interventions with a focus on
well-being promotion and stress management, and a focus on symptom treatment and
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management. The studies targeting physical health take into account several dimen-
sions, such as weight management (Bardus et al., 2018), healthy lifestyle promotion
(Balk-Møller et al., 2017b, Yu et al., 2017), diabetes and cardiovascular diseases (Wilson
et al., 2017), physical activity promotion (Blake et al., 2017, Gremaud et al., 2018),
fatigue and circadian disruption (van Drongelen et al., 2014), physical health and well-
being (de Korte et al., 2018), cardiovascular disease and other comorbidity (Senecal
et al., 2018) occupational sitting time, posture and activities tracking (Arrogi et al.,
2019, Bootsman et al., 2019, Brakenridge et al., 2018, Engelen et al., 2017). Overall,
smartphone-based interventions on physical health have similar features, like interac-
tivity, constant monitoring, personalised design, feedback and notification. Five of the
above-mentioned studies also used other devices such as personal activity trackers and
posture belt trackers. The second category includes studies targeting the promotion of
psychological well-being (Koldijk et al., 2016, Meyer et al., 2018), and stress manage-
ment (Ebert et al., 2016a, Zarski et al., 2016), with other outcomes such as resilience
(Kim et al., 2018) and burnout (Mistretta et al., 2018), as well as intervention focusing
on work stress and well-being together (Bostock et al., 2019). Finally, the last category
encompasses interventions focused on depressive symptoms (Deady et al., 2018), anxiety
and stress (Imamura et al., 2019, Weisel et al., 2018). A study by Villani et al. (2013),
considered only anxiety whereas a study by Milner et al. (2019) examined suicide pre-
vention. Finally, there are app-based interventions on the treatment and management of
anxiety, burnout and dissatisfaction (Versluis et al., 2018), symptoms of general mental
conditions (Nicholson et al., 2018) and burnout (Narváez et al., 2016).
It is possible to observe that, as in traditional stress management interventions, al-
though organisational-level interventions are one way of managing stress and promoting
well-being, they are rarely used. In our review the main focus of the interventions was
the individual. This means that even in the realm of smartphone-based interventions,
implementing organisational-level interventions may be difficult and complex.
10.2 Smartphone-based interventions’ theoretical background
Regarding the theoretical background behind the intervention design, it should be noted
that more than one-third of the studies did not report specific theories. Some studies
underline this lack of theoretical basis in the design of the smartphone-based interven-
tions (de Korte et al., 2018). The development of such technological supports should
be based on those theories that best explain stress development. Moreover, it is impor-
tant to underline the need for customers to refer only to those interventions in which
evidence-based strategies are present in the app (Coulon et al., 2016). 19 of the 31
evaluated studies delivered at least one evidence-based stress management strategy. It
should be noted that such theoretical backgrounds have already shown their effectiveness
in traditional interventions aimed to promote psycho-physical well-being and/or stress
management, both in clinical and organisational contexts. For example, most of the
interventions are based on behavioral change techniques and they give to users tailored
feedback based on the personal health profile (e.g. Lark Pro, Bardus et al., 2018; Health
Integrator system, Bonn et al., 2019; Bright, de Korte et al., 2018).The use of tailored
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feedback is a technique acknowledged as effective, particularly when associated with ef-
fective real-time monitoring using intelligent sensors and algorithms; moreover, the users’
participatory role is important to enhance their responsibility for their performance and
health (de Korte et al., 2018). Other applications involve the use of mindfulness (e.g.
HeadSpace, Bostock et al., 2019; Mistretta et al., 2018). Mindfulness-based interven-
tions have shown beneficial effects in the workplace. For instance, such activities have
been associated with an increased positive mental health and job satisfaction, and a
growth of the workers’ mindfulness level (Mistretta et al., 2018). Moreover, mindfulness
training may improve the ability to reappraisal in a positive way the stressful circum-
stance and may contribute to the recovery from adverse events (Bostock et al., 2019).
Cognitive Behavioral Therapy (CBT) is implemented in Imamura et al. (2019). CBT is
applied in stress management interventions, and it has shown effectiveness in decrease
depression/anxiety symptoms among employees (Imamura et al., 2019). Another theory
applied in designing mHealth interventions is the Acceptance and Commitment Therapy
(ACT; e.g. Viary, Ly et al., 2014). Actually, the use of ACT has been found to be ef-
fective in reducing stress in the workplace (Ly et al., 2014). Positive Thinking Training
Programme is applied in Motamed-Jahromi et al. (2017). Positive Thinking Training is
described as a technique with an impact on people coping behavior toward stressful ex-
periences that may help them to overcome this negative experience (Motamed-Jahromi
et al., 2017). Broadly speaking, positive psychological interventions encompass activities
directed to improve positive emotions, perception and consequently positive behaviors
(Sin and Lyubomirsky, 2009). Stress Inoculation Training (SIT) has also been used as
the theoretical basis for an mHealth intervention. Villani et al. (2013) for example found
that SIT may lead to burnout reduction through the modification of people’s manner of
processing information about a stressful situation.
10.3 Smartphone-based interventions’ effectiveness
Concerning our third research question, most of the studies reported positive results
on intervention effectiveness, usability, and feasibility of the smartphone-app, although
all studies reported various limitations regarding the drop-out rate, the number of par-
ticipants and the lack of follow-up evaluations. Before considering the results in more
detail, it should be noted that 6 of the articles selected for the review are registered
protocol, and therefore have not included results in their papers. By considering the
interventions on the basis of their focus, those grounded on physical health revealed
encouraging results: stAPP (Arrogi et al., 2019) and Map Track (Gremaud et al., 2018)
both decreased the sitting time and increased the daily step count and the amount of
active daily minutes. Lumo Back seems to exert an influence on supporting employees in
reducing the amount of prolonged sitting time during the intervention, but it is not sig-
nificantly associated with changes in the standing, stepping or sitting behaviour patterns
(an effect that probably is related to the lack of other associated behavioural strategies
or the limited use of the tool and smartphone-application; Brakenridge et al. 2018). The
Omada Health Programme (Wilson et al., 2017) has been found to be effective at re-
ducing diabetes and cardiovascular risk factors, likely through the decreasing of weight
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and blood glucose levels in the workforce. The Physical Activity (PA) application (Yu
et al., 2017) showed a small but significant reduction in the body mass index (BMI), but
not in the cholesterol and blood pressure ratings. The Get.On Stress app-based inter-
vention’s results suggest that it can provide modest but statistically significant effect in
weight loss, compared to other traditional interventions (Balk-Møller et al., 2017b); the
Active8 intervention showed a significant increase of daily physical activities, also after 1
month from the end, but not a significant improvement in the perceived Health-Related
Quality of Life (Blake et al., 2017); the Digital Health intervention’s results by Senecal
et al. (2018), indicated a significant effect on weight loss and blood pressure level, even
if not clinically significant. Finally, Back-Up showed contrasting but promising results
and positive impact on workers’ posture (Bootsman et al., 2019).
For well-being and stress management, there are other hopeful results: the Virgin Pulse
Global Challenge, with its simultaneous focus on several domains, is associated with
good improvements in work-related stress, quality of sleep and psychological well-being,
in the case of older workers; psychological well-being enhancements in particular were
found for female workers (Meyer et al., 2018). The Mindfulness-On-The-Go smartphone-
based intervention’s participation was related with a small-to-moderate improvement of
well-being level and a decrease in the distress level of workers (Bostock et al., 2019); the
Smartphone Resilience Training, tested by Mistretta et al. (2018), has shown to have
a significant impact on participants’ well-being, both following the intervention and at
3 month follow-up, but not significant on stress at follow-up; Get.on Stress results in-
dicated that it is an effective self-guided stress management intervention both for the
reduction of perceived stress and for mental health, work-related health and skill-related
outcomes (Ebert et al., 2016a). The Acceptance and Commitment Therapy app-based
intervention by Ly et al. (2014) had a moderate effect on stress but no effect on transfor-
mative leadership. Finally, the symptom treatment and management smartphone-based
interventions have had varying results. The Stress Inoculation Training app-based in-
tervention by Villani et al. (2013) showed preliminary but promising results, pointing to
a significant decrease in anxiety and an increase in coping skills-acquisition. Stress re-
duction and resilience-enhancement through mobile video conference-based intervention
have shown significant efficacy (but with no difference between mobile intervention and
in-person intervention; see Kim et al. 2018). The app called Get.On Stress, again, was
found to have moderate to large effects on depression, anxiety, emotional exhaustion,
and insomnia symptoms in a severely burdened sample of workers, both post-assessment
and at 6-month follow-up (Weisel et al., 2018). However, the anxiety-reduction inter-
vention’s results indicate that there was no change over time in heart rate variability or
unconscious stress (Versluis et al., 2018). In addition, some of the included papers also
considered the issue of user engagement with the intervention(s) as a critical factor in
their effectiveness. In this regard, Zarski et al. (2016) focused their study on adherence,
namely the ‘extent to which individuals experience the intervention content’ (Chris-
tensen et al. 2009, p. 2), and content-focused guidance. Concerning the latter factor,
results showed that the participants had a better adherence level with guided treatments
in comparison to unguided treatments. Eng (2001) studied the application of ecologi-
cal momentary assessment (EMA), through the smartphone app, in relation to health
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evaluation in the workplace. They also examined the feasibility of this intervention.
The results indicated that EMA had good potential as an office-based health evaluation
addition. van Drongelen et al. (2014) reported the process evaluation of a personalised
mobile health intervention (More Energy-app) targeting airline pilots, e.g. on reach
(comparison between participants and nonparticipants); dose delivered (amount of in-
tervention materials distributed); compliance (dose received, namely the extent to which
intervention participants actively engaged with the study); fidelity (the extent to which
the intervention programme looked the same as at the beginning), satisfaction, barriers,
and facilitators (context; all of the social, physical, and political environment features
that could directly or indirectly influence an intervention programme); and adherence
(how participants applied the smartphone-app advice in daily life). It was found that the
participants were younger than nonparticipants and also that female pilots were over-
represented. The dose delivered and initial compliance were high; however, compliance
during the whole intervention was low: moreover, the results on fidelity were conflicting.
Finally, not all participants were in accord with the statement, ‘the devices are easy
to apply in daily life’. Narváez et al. (2016) described the user-centred design (UCD),
an iterative design process which engaged the user from the project initation to the
developmental phases. A multidisciplinary group comprised of designers, developers, oc-
cupational health specialists, social communicators, usability experts, and some workers
collaborated in the design. The researchers tried to understand and specify the context
of use, developed different types of the app prototype, and evaluated each prototype
following usability-testing guidelines. Bort-Roig et al. (2019) assessed the validity of an
mHealth tool to monitor the sedentary patterns in office-based employees, finding that
the Walk@Work app was accurate in measuring desk-based sitting, especially for a pro-
longed period. de Korte et al. (2018) used a mixed-method qualitative study to evaluate
the factors influencing the use and the effectiveness of an mHealth app (Bright) for health
and well-being promotion in a sample of a high-tech company’s workers. The researchers
found that there were several drivers and barriers for using the mHealth intervention in
the workplace: (1) first, technology features, such as high battery use or system failure,
have a great impact on adoption and adherence with the app, as well as the perceived
quality of information delivered. Also, (2) users’ characteristics influence the use of the
app and should be taken into account in the design and implementation phase. Finally,
(3) the nature of the work context plays a fundamental role in the workers’ decision to
participate in the interventions, as do the privacy and autonomy related to the app- use.
Finally, Koldijk et al. (2016) tried to give a global and precise framework that could be
used to develop and design pervasive technologies, useful for reducing workers’ stress.
As we noted in subsection 10.1, even in the realm of smartphone-based interventions,
implementing organisational-level interventions may be difficult and complex. However,
an important aspect of primary interventions that seek to change organisational practice
is the efficacy of the implementation process (Nielsen and Randall, 2013). The partici-
patory approach is seen as a desirable intervention strategy; participation in the design
of health-promoting actions is also included in the World Health Organization (WHO)
and the European Network for Workplace Health Promotion’s guidelines (for Workplace
Health Promotion, ENWHP). By examining the content and process mechanism that
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makes an organisational intervention effective, researchers can better understand how
interventions (of all kinds) achieve the desired outcomes of improving employee health
and well-being (Nielsen and Miraglia, 2017). In our view the same approach could be
efficiently applied for smartphone-based interventions.
11 Conclusion
The workplace is an optimal site to carry out health promotion initiatives. Indeed,
organisations are frequently a place for actions aimed to promote the health and well-
being of workers. The development and growing use of new technologies has affected
the way tasks are carried out and interactions occur in the workplace (Skoumpopoulou
et al., 2018). Several studies (e.g. Colbert et al. 2016) have shown that smartphones
offer advantages in the form of more accessible interactions and collaborations among
colleagues, more flexible work schedules, increased work productivity. At the same time,
various studies (Ghislieri et al., 2017; Miglioretti and Simbula, 2019; Reyt and Wiesen-
feld, 2015) underscore increased supervisory control, loss of autonomy, and the resulting
perception of intrusion in those parts of one’s life that are not work-related, For these
reasons, smartphone work-related use could be associated with the technostress high-
lighted in considerations of their efficacy (Ghislieri et al., 2017). At the same time, the
development of new technologies has enabled the dissemination and design, also in the
workplace, of interventions aimed at promoting the health and well-being of workers,
delivered through mobile devices: the so-called mobile health (mHealth) interventions.
Despite it potential, the benefits of mobile health cannot be fully realised if the worker
does not understand its benefits (Sari et al., 2018). When a company decides to in-
troduce an innovation as an mHealth intervention, they should investigate acceptance
of this technology by employees to guard against attitudinal barriers (Talukder, 2012).
Although the related obstacles, such as perceived risks to one’s privacy, lack of requi-
site skills related to the use of technology, the literature shows us how such mHealth
interventions for health promotion, well-being, and work-related stress management are
still effective (see Sari et al. 2018). Indeed, smartphone-based interventions have shown
promising efficacy in the clinical and educational context, even compared to face-to-face
intervention. This study has endeavoured to provide a general overview of workplace
health and well-being promotion through smartphone-based interventions. Our results
were drawn from 31 studies that tested various smartphone apps, based on different
theories and targeting different employees. Overall, the mHealth interventions aimed to
promote employees’ physical and mental health, to foster the acquisition of stress man-
agement skills (and specifically work-stress coping abilities), and to enhance the global
level of well-being. All of this aims to minimise the economic cost for occupational
health promotion, to increase the employees’ well-being (and in consequence their work
productivity), and to facilitate workers’ participation in a health promotion initiative,
in an easy and anonymous way (cf. Ebert et al. 2016a; Khakurel et al. 2018). Several
studies under- lined the efficacy of smartphone-based interventions in the workplace,
but the study results have been contradictory. Frequently, the apps are not founded
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on evidence-based theories or sound methodological approaches. Moreover, it seems
necessary to identify which factors of these models are most powerful for engagement
(Yardley et al., 2016). The preliminary phases that precede the intervention develop-
ment are important: for example, van Gemert-Pijnen et al. (2011) individuated a holistic
framework for the development of eHealth technologies that could help researchers de-
sign more effective interventions. Some principles that can also be easily applied in
the workplace context are the role of a participatory process, because the stakeholders’
involvement is fundamental from the intervention’s ideation to operationalisation. The
importance of a continuous evaluation cycle, because technology interventions frequently
need to be reshaped to better match human, organisational and technology factors; the
usefulness of considering the implementation phase from the beginning, to avoid several
last-minute obstacles; persuasive design techniques are essential to motivate or inspire
users to engage in self-management interventions; finally, mixed-method research design
seems to be the best choice to integrate data from different sources and better assess the
impact of technology-driven interventions. For these reasons, other studies are needed
to complete the scientific literature. These should specifically target workers’ engage-
ment with smartphone apps for health and well-being promotion, in order to overcome
the natural initial diffidence with this alternative intervention strategy (cf. Dunkl and
Jiménez 2017; Muuraiskangas et al. 2016). They also should consider the ad-hoc design
and development of mHealth interventions for employees, as a means of providing them
the skills to cope with and manage work-based stress and improve their general health
and well-being.
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